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1. Introduction
RAN4 received LS [1] from RAN3, inquiring about “the performance of PSC and CFN-SFN time difference measurements.”
In this contribution, we detail the background for the inquiry, a list of the minimum performanc requirements, and a proposed draft reply.
2. Discussion
2.1 PSC Confusion
2.1.1 Background

In the context of the Rel-11 H(e)NB Mobility Study Item, RAN3 is considering ways to address hand-in of non-CSG capable UEs (e.g. pre-Rel-9) to HNBs, in 3GPP TR 37.803 [1]. 

Such UEs do not implement the Rel-9 feature SI acquisition for HO (see 3GPP TS 25.306 [3]), and are thus unable to report a HNB’s unique Cell Identity at handover time (3GPP TS 25.367 [4]) .
One of the problems identified by RAN3 and in the LS is PSC Confusion, which arises when two HNBs use the same PSC (e.g. PSC-X in Figure 2-1) in the coverage of the same macro cell. The macro RNC would then be unable to map PSC-X to a unique HNB Cell Identity.
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Figure 2‑1: PSC Confusion - which HNB corresponds to PSC-X?
Three of the proposed approaches in RAN3 (options 1a, 1c and and 2a) consider augmenting the HNB’s signature by adding ΔOTD = OTDtarget-HNB – OTDsource-macro-cell, to allow a wider set of HNBs signatures, to help UTRAN identify the target HNB.
The measurement OTDcell is defined as “SFN-CFN observed time difference” in 3GPP TS 25.215 [5] section 5.1.8, copied in Appendix A.3:
· OTDcell = OFFcell*38400 + Tmcell (expressed in chips)
· OFF and Tm compose the “SFN-CFN observed time difference” measurement
· For inter-frequency measured cells, OFF = 0

2.1.1 Reporting of ΔOTD
Reporting of OTDtarget-HNB and OTDsource-macro-cell is under RNC control.
RNC can request UE to report these measurements via RRC flags (Read SFN indicator IE and Cell synchronisation information reporting indicator IE), c.f. 3GPP TS 25.331 [6].
2.2 PSC and CFN-SFN time difference measurements
As summarized in 2.1 and in 3GPP TR 37.803 [2], the UE measurement report containing taget HNB’s PSC and CFN-SFN time difference constitutes the basis of some of the approaches RAN3 considers for addressing PSC Confusion.
RAN3 inquires RAN4 [1] about the currently-defined performance of these measurements. We address these separately.
2.2.1 PSC measurement
PSC measurement is an integral part of physical cell identification today regardless of PSC confusion.

Intra-frequency cell identification:

· the requirement is defined in 3GPP TS 25.133 [7], section 8.1.2.2.1 (see appendix A.1 of this document) 
· comprises of an identification delay Tidentify intra, and corresponding side conditions on synchronization and pilot channels
Inter-frequency cell identification:

· the requirement is defined in 3GPP TS 25.133 [7], section 8.1.2.3.1 (see appendix A.2 of this document) 

· comprises of an identification delay Tidentify inter, and corresponding side conditions on synchronization and pilot channels

Observation 1: PSC measurement is an integral part of cell identification. Normal cell identification delay and channel side condition requirements apply.

2.2.2 CFN-SFN time difference measurement

2.2.2.1 Definitions
OFF computation: while for inter-frequency cells OFF = 0, for intra-frequency cells OFF = (SFN-CFNTx) mod 256.
UE already knows CFNTx at any moment, so it suffices to decode the target cell SFN for computing OFF.

According to 3GPP TS 25.133 section 8.1.2.2.1 (see also appendix A.1), SFN decoding is an integral part of intra-frequency cell identification.
Tm computation: for both intra-frequenyc and inter-frequency cells, Tm is defined as Tm= (TUETx-T0) - TRxSFN
The first term (TUETx-T0) is known to the UE, so it sufficies to decode the target cell TRxSFN measured by the UE.

Since TRxSFN is P-CCPCH timing at the UE antenna and since SCH, CPICH and P-CCPCH have the same timing (c.f. 3GPP 25.211 [8]), UE knowledge of TRxSFN is required for cell identification.
Note:

· The parameters in this section are defined in appendix A.3.
Observation 2: OTDcell measurement is an integral part of cell identification. Normal cell identification delay and channel side condition requirements apply.

2.2.2.2 Accuracy

The accuracy of the OTDcell measurement is specified in 3GPP TS 25.133, section 9.1.7 (copied in Appendix A.4)
The accuracy of the OTDcell measurement is ±1 chip, subject to the:

· same conditions as for measurements  that would trigger hand-in (e.g. for events 1a, 1b, 1c, 2a).
· c.f  3GPP TS 25.133, sections 9.1.7, 9.1.1 and 9.1.2
· for the intra-frequency case, SFN for the target target cell must be decodable.
· Note that SFN decidability is a pre-condition for cell identification, per §2.2.2.1 in this document
Since cell identification is required for handover triggering and since the handover trigger is precursor to handover, we conclude that the requirements for decoding and accurately measuring OTD are satisfied by the ability to trigger handover. 
Observation 3: OTDcell measurement accuracy is ±1 chip. 
2.2.3 Relation to Rel-9 SI Reading
Note that UE ability to perform correct SFN decoding is a pre-requisite for the correct functioning of the Rel-9 feature SI Reading for HO [9].
Since SFN decoding is also the basis of OTDcell measurement, we further observe:

Observation 4: Currect measurement of OTDcell is a functional pre-requisite for correct operation of the Rel-9 feature SI Reading for HO
3. Conclusion
The following observations were made in this document:
Observation 1: PSC measurement is an integral part of cell identification. Normal cell identification delay and channel side condition requirements apply.
Observation 2: OTDcell measurement is an integral part of cell identification. Normal cell identification delay and channel side condition requirements apply.

Observation 3: OTDcell measurement accuracy is ±1 chip. 
Observation 4: Currect measurement of OTDcell is a functional pre-requisite for correct operation of the Rel-9 feature SI Reading for HO
A corresponding draft LS reply to RAN3 is provided in [10].
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Appendix A

A.1 Intra-frequency Cell Identification

	3GPP TS 25.133 [7], fragment of intra-frequency cell identification requirement

	8.1.2.2.1
Identification of a new cell

If DL_DRX_Active = 0, the UE shall be able to identify and decode the SFN of a new detectable cell belonging to the monitored set within 
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If DL_DRX_Active = 1 and the UE DRX cycle < 10 subframes, the UE shall be able to identify and decode the SFN of a new detectable cell belonging to the monitored set within Tidentify intra = 800ms. 

If DL_DRX_Active = 1 and the UE DRX cycle ≥ 10 subframes, the UE shall be able to identify and decode the SFN of a new detectable cell belonging to the monitored set within Tidentify intra = 1.5s. 

A cell shall be considered detectable when 

-
CPICH Ec/Io > -20 dB if DL_DRX_Active = 0, or CPICH Ec/Io ≥-17dB if DL_DRX_Active=1, 

-
SCH_Ec/Io > -20 dB if DL_DRX_Active = 0, or SCH Ec/Io ≥-17dB if DL_DRX_Active=1, for at least one channel tap and SCH_Ec/Ior is equally divided between primary synchronisation code and secondary synchronisation code. When L3 filtering is used an additional delay can be expected.

In case of conflict when a compressed gap sequence is activated the UE may choose to prioritise the SFN decoding
The UE shall be able to identify a new detectable cell not belonging to the monitored set within
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when CPICH Ec/Io > -20 dB, SCH_Ec/Io > -17 dB and SCH_Ec/Ior is equally divided between primary synchronisation code and secondary synchronisation code. When L3 filtering is used an additional delay can be expected.


A.2 Inter-frequency Cell Identification

	3GPP TS 25.133 [7], fragment of inter-frequency cell identification requirement. 

Note: the Tidentify inter detected set and Tidentify, inter, optional requirement were added in Rel-10, and are not directly relevant to this discussion paper

	8.1.2.3.1
Identification of a new cell

The UE shall be able to identify a new detectable cell belonging to the monitored set within 
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and UE that supports inter frequency detected set CPICH measurements shall also be able to identify a new detectable cell belonging to the detected set within Tidentify inter detected set = 30·Nfreq  s.
If the UE does not need compressed mode to measure cells on a frequency adjacent to the intra-frequency (irrespective of the number of serving cells configured in the UE) according to its measurement capability in the IE “Adjacent Frequency measurements without compressed mode” defined in section 10.3.3.21 of TS 25.331 [16], and if the Adjacent Frequency Index [16] is configured, the UE shall be able to identify a new detectable cell on the indicated adjacent frequency belonging to the monitored set within Tidentify,inter,optional and UE that supports inter frequency detected set CPICH measurements shall be able to identify a new detectable cell on the indicated adjacent frequency within Tidentify,inter detected set  = 30s.
If the UE does not need compressed mode to measure cells on a frequency in a band jointly supported with the band of intra-frequency according to its measurement capability in the IE “Inter-band Frequency measurements without compressed mode” defined in section 10.3.3.21 of TS 25.331 [16], the UE shall be able to identify a new detectable cell on that frequency belonging to the monitored set within Tidentify,inter,optional  and UE that supports inter frequency detected set CPICH measurements shall be able to identify a new detectable cell on that frequency within Tidentify,inter detected set  = 30s.
If the UE is able to search enhanced inter-frequency measurements without compressed mode according to its measurement capability in the IE “Enhanced inter-frequency measurements without compressed mode” defined in section 10.3.3.21 of TS 25.331 [16],

· when a single uplink frequency is configured, the UE shall be able to identify a new detectable cell each of the 2 indicated frequencies belonging to the monitored set within Tidentify,inter,optional; or

· when dual uplink frequencies are configured, the UE shall be able to identify a new detectable cell on the indicated frequency belong to the monitored set within Tidentify,inter,optional,

where the indicated frequenc(ies) together with intra-frequenc(ies) shall be within UE RF capability as per Band Combination and Supported Carrier Combination List in [16] and UE that supports inter frequency detected set CPICH measurements shall be able to identify a new detectable cell on the indicated frequenc(ies) within Tidentify,inter detected set  = 30s.
If DL_DRX_Active = 0,
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.
If DL_DRX_Active = 1 and the UE DRX cycle < 10 subframes, Tidentify, inter, optional = 800ms.
If DL_DRX_Active = 1 and the UE DRX cycle ≥ 10 subframes, Tidentify, inter, optional = 1.5s.

A cell shall be considered detectable when 

-
CPICH Ec/Io > -20 dB,

-
SCH_Ec/Io > -17 dB for at least one channel tap and SCH_Ec/Ior is equally divided between primary synchronisation code and secondary synchronisation code. When L3 filtering is used an additional delay can be expected.




A.3 OTDcell Definition
	3GPP TS 25.215 [5], definition of OTDcell 

	5.1.8
SFN-CFN observed time difference

Definition

The SFN-CFN observed time difference to cell is defined as: OFF(38400+ Tm, where:

Tm= (TUETx-T0) - TRxSFN, given in chip units with the range [0, 1, …, 38399] chips

TUETx is the time when the UE transmits an uplink DPCCH frame.

T0 is defined in [1].

TRxSFN  is the time at the beginning of the neighbouring P-CCPCH frame received most recent in time before the time instant TUETx-T0in the UE. If the beginning of the neighbouring P-CCPCH frame is received exactly at TUETx-T0 then TRxSFN=TUETx-T0 (which leads to Tm=0).
and

OFF=(SFN-CFNTx) mod 256, given in number of frames with the range [0, 1, …, 255] frames

CFNTx is the connection frame number for the UE transmission of an uplink DPCCH frame at the time TUETx.

SFN is the system frame number for the neighbouring P-CCPCH frame received in the UE at the time TRxSFN.

The reference point for the SFN-CFN observed time difference shall be the antenna connector of the UE.

In case the inter-frequency measurement is done with compressed mode, the UE is not required to read the cell SFN of the target inter-frequency neighbour cell and the value for the parameter OFF is always reported to be 0.

In case that the SFN measurement indicator indicates that  the UE does not need to read cell SFN of the target neighbour cell, the value of  the parameter OFF is always be set to 0.

Applicable for

CELL_DCH intra, CELL_DCH inter




A.4 OTDcell Accuracy

	3GPP TS 25.133 [7], accuracy of OTDcell 

	9.1.7
SFN-CFN observed time difference

NOTE: 
This measurement is for handover timing purposes to identify active cell and neighbour cell time difference. 

9.1.7.1
Intra frequency measurement requirement

The measurement period for CELL_DCH state can be found in sub clause 8.1.2.2. 

The accuracy requirement in table 9.16 is valid under the following conditions:


CPICH_RSCP1,2|dBm according to Annex B.3.8 for a corresponding Band
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 is low enough to ensure successful SFN decoding.

Table 9.16

Parameter

Unit

Accuracy [chip]

Conditions

Band I, IV, VI, X, XI, XIX and XXI
Band II, V and VII
Band XXV
Band III, VIII, XII, XIII, XIV and XX
Band IX
Io [dBm/3,84 MHz]
Io [dBm/3,84 MHz]
Io [dBm/3,84 MHz]
Io [dBm/3,84 MHz]
Io [dBm/3,84 MHz]
SFN-CFN observed time difference

chip

( 1 

-94...-50
-92…-50
-90.5…-50
-91…-50
-93…-50

9.1.7.2
Inter frequency measurement requirement

The measurement period for CELL_DCH state can be found in sub clause 8.1.2.3. 

The accuracy requirement in table 9.17 is valid under the following conditions:


CPICH_RSCP1|dBm according to Annex B.3.9 for a corresponding Band.
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Table 9.17

Parameter

Unit

Accuracy [chip]

Conditions

SFN-CFN observed time difference is on Band I, IV, VI, X, XI, XIX and XXI
SFN-CFN observed time difference is on Band II, V and VII
SFN-CFN observed time difference is on Band XXV
SFN-CFN observed time difference is on Band III, VIII, XII, XIII, XIV and XX
SFN-CFN observed time difference is on Band IX
Io [dBm/3,84 MHz]
Io [dBm/3,84 MHz]
Io [dBm/3,84 MHz]
Io [dBm/3,84 MHz]
Io [dBm/3,84 MHz]
SFN-CFN observed time difference

chip

( 1

-94...-50
-92…-50
-90.5…-50
-91…-50
-93…-50

…. Sections Skipped ….

B.3. Conditions for Measurement Performance for UE
B.3.1. Conditions for intra frequency CPICH RSCP measurements accuracy

This section defines the intra frequency CPICH RSRP applicable for a corresponding operating band.

The conditions for measurements accuracy of intra-frequency CPICH RSRP are defined in Table B.3.1-1

Table B.3.1-1. Conditions for measurements of intra-frequency CPICH RSRP

Parameter
Conditions
Bands 
Bands 
Bands 

Bands 

Bands
I, IV, VI, X, XI, XIX, XXI
IX
II, V, VII
III, VIII, XII, XIII, XIV, XX
25

CPICH RSCP1|dBm (
-114 dBm
-113 dBm
-112 dBm
-111 dBm
-110.5dBm
B.3.2. Conditions for intra frequency CPICH RSCP relative measurements  accuracy

This section defines the intra frequency CPICH RSRP applicable for a corresponding operating band.

The conditions for relative measurements accuracy of intra-frequency CPICH RSRP are defined in Table B.3.2-1

Table B.3.2-1. Conditions for relative measurements of intra-frequency CPICH RSRP

Parameter
Conditions
Bands 
Bands 
Bands 

Bands 

Bands
I, IV, VI, X, XI, XIX, XXI
IX
II, V, VII
III, VIII, XII, XIII, XIV, XX
25

CPICH RSCP1,2|dBm (
-114 dBm
-113 dBm
-112 dBm
-111 dBm
-110.5dBm
B.3.3. Conditions for inter frequency CPICH RSCP relative measurements accuracy

This section defines the inter frequency CPICH RSRP applicable for a corresponding operating band.

The conditions for relative measurements accuracy of inter-frequency CPICH RSRP are defined in Table B.3.2-1

B.3.4. Conditions for intra frequency CPICH Ec/Io measurements accuracy

This section defines the intra frequency CPICH RSRP applicable for a corresponding operating band.

The conditions for measurements accuracy of intra-frequency CPICH Ec/Io are defined in Table B.3.1-1

B.3.5. Conditions for intra frequency CPICH Ec/Io relative measurements  accuracy

This section defines the intra frequency CPICH RSRP applicable for a corresponding operating band.

The conditions for measurements accuracy of intra-frequency CPICH Ec/Io are defined in Table B.3.2-1

B.3.6. Conditions for inter frequency CPICH Ec/Io measurements accuracy

This section defines the inter frequency CPICH RSRP applicable for a corresponding operating band.

The conditions for measurements accuracy of inter-frequency CPICH Ec/Io are defined in Table B.3.1-1

B.3.7. Conditions for inter frequency CPICH Ec/Io relative measurements accuracy

This section defines the inter frequency CPICH RSRP applicable for a corresponding operating band.

The conditions for measurements accuracy of inter-frequency CPICH Ec/Io are defined in Table B.3.2-1

B.3.8. Conditions for intra frequency SFN-SFN observed time difference

This section defines the intra frequency CPICH RSRP applicable for a corresponding operating band.

The conditions for intra-frequency SFN-SFN observed time difference are defined in Table B.3.2-1

B.3.9. Conditions for inter frequency SFN-SFN observed time difference

This section defines the inter frequency CPICH RSRP applicable for a corresponding operating band.

The conditions for inter-frequency SFN-SFN observed time difference are defined in Table B.3.2-1
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